Aim of the study: To investigate the comorbidity of Alzheimer's/dementia, epilepsy, multiple sclerosis and Parkinson's with depression. 
Introduction
Depression is among the most common diseases. Although it is the third most common today, experts predict it will be the second most common in 2020 [2] . Current lifetime prevalence is about 16-26%, with a 2:1 ratio between females and males [30] . One-year prevalences for major depression have been estimated at 6.4% in the US [22], 5.8% in Europe [6] , and 8.3% in Germany [39] . Literature typically finds increasing prevalence over time, i.e. persons born later face a higher risk of suffering from depression, at the same age, than persons born earlier [32] , although this has been debated [38] . It is also unclear whether age in itself increases the risk of depression [37] . Many psychic and somatic diseases have been found to be associated with depression -e.g., anxiety [33] , cardiovascular diseases [3] , dementia [14] , Parkinson's disease [8] , stroke [20] , and combinations of diseases such as Parkinson's and dementia [28] . For many other diseases it is assumed that there is a correlation with depres-sion, e.g., diabetes, cancer, and others; in most cases, the etiology of comorbidity is not yet known [24] . Literature findings are difficult to compare across comorbid diseases, as most studies analyze the comorbidity of depression with only one other disease. Furthermore, the study design, inclusion criteria and other influencing factors are different from study to study. In addition, studies are typically based on comorbidities at a certain point in time. Thus, we studied this risk for approximately 40,000 patients with four different neurological diseases over five years.
Methods Database
This study is based on data from the IMS Disease Analyzer database. This database collates drug prescriptions, diagnoses, and basic medical and demographic data directly obtained from the practice computer systems of general practitioners and specialists throughout Germany [23] . Diagnoses (ICD-10), prescriptions (Anatomical Therapeutic Chemical [ATC] Classification System) and the quality of reported data are continuously monitored by IMS based on a number of quality criteria (e.g. completeness of documentation, linkage of diagnoses and prescriptions). The data are generated directly from the computers in the physicians' practices via standardized interfaces and provide daily routine information on patients' diseases and therapies. A practice transmits patient data stored in the physician's computer to IMS on a monthly basis. Before transmission, the data are encrypted for data protection and contain in similar scope and detail the information in the files of patients in the doctor's practice. In total, the database contains data from around 3,000 practices and approximately 20 million patients in Germany in the last 10 years. The validity of Disease Analyzer data was researched and described [4] .
Study population
Overall, the data used for this study included 1,109 GPs in 882 general practices continuously reporting to IMS HEALTH during the study period between January 2000 and April 2012. Firstly, all subjects initially diagnosed with Alzheimer's/dementia (ICD codes G30, F01, and F03), epilepsy (G40), multiple sclerosis (ICD code G35) or Parkinson's (G20, G21) between January 2002 and December 2006 (index date) were identified. We included patients only if: (1) they had seen the same physician at least once yearly two years before and more than five years after the index date, (2) they did not suffer from any of these diseases nor depression before the index date and (3) they did not suffer from cancer throughout the observation period. A total of 13,652 patients with Alzheimer's disease or dementia, 15,722 with epilepsy, 5,137 with multiple sclerosis and 8,403 with Parkinson's disease were available for analysis. For comparison purposes, we also investigated the percentage of all patients in our database who developed depression and met criteria (1) to (3), not only those with Alzheimer's/dementia, epilepsy, etc.
Study outcome
The main outcome measure was the first diagnosis of depression (ICD 10: F32, F33) within five years after the index date. Moreover, the differences between the incidence of depression in male and female patients and in patients younger and older than 60 years were investigated.
Statistical analysis
The analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA). For age, the mean value and standard deviation were calculated. The incidence of depression with 95% confidence intervals was estimated.
Results

Study population
42,914 patients were included in the study. The mean age of patients at the time of inclusion was between 45 years for multiple sclerosis and 73 years for Alzheimer's/dementia, at the index date. For multiple sclerosis and Alzheimer's/dementia, women represented 71% and 67% of patients, respectively (see Table 1 for details). All the diseases studied increased the risk of developing depression after the index date. The risk ranged from 22% for epilepsy to 35% for multiple sclerosis (see Figure 1 ). Alzheimer's/dementia, multiple sclerosis, and Parkinson's are more risky than epilepsy in terms of the likelihood of the development of depression. Only 8% of all the patients in the database developed depression. In all the diseases studied, women were more likely to develop depression ( Figure 2) ; their risk ranged from 27% for epilepsy to 39% for Parkinson's patients. In terms of Alzheimer's/dementia only, patients under 60 years had a higher risk of developing depression. For the other diseases, and in the total database population, the risks were about the same below and above 60 years ( Figure 3) . We also studied the timeframe for the onset of depression. In all diseases, about half of the patients developed depression in the first year after the index date; the other half did in the years two to five (Figure 4) . Finally, we studied how many depression patients received antidepressant medication. The percentages were 56.6% for epilepsy patients, 63.9% for Alzheimer's/dementia, 66.8% for Parkinson's, and 67.0% for multiple sclerosis. (1) to (3) were diagnosed with depression in the five-year period after the index date. This is in line with earlier findings on incidence: current lifetime prevalence is about 16-26% [30] ; one-year prevalences for major depression have been estimated at 6.4% in the US [22], 5.8% in Europe [6] , and 8.3% in Germany [39] . Compared to the latter figure, our five-year prevalence is at the lower end of what was expected. There are several reasons that could be responsible for this finding: Firstly, we excluded patients with cancer from the study group, thus patients who developed depression because of a malign disease are not included in our 8.3%. Secondly, there is a debate about the question of whether ambulatory care physicians tend to underdiagnose and undertreat patients with depression [12] , [25] , [36] , [40] . Thus it could be that some patients in our study population did suffer from depression but weren't diagnosed as such. On the other hand, our population is based on patients who visited a doctor; there might be a difference in prevalence in our population as compared to the total population. Finally, we used the ICD code to identify patients with depression, and not other criteria like specific tests for depression. Therefore, our study uses the same methodology to detect depression as for all predecessor diseases, thus it allows us to estimate their relative risk. This would not be the case if different techniques for diagnosing depression were used. At first glance the number of depression patients treated with antidepressant medication, which ranges from 57% to 67%, seems rather low, but is in line with the literature [36] , [39] , [40] .
The most striking result of our study is the high risk of developing depression as a consequence of other neurological diseases. Between 21% (males with epilepsy) and 39% (women with Parkinson's)/44% (Alzheimer's patients under 60 years) developed depression within five years. For Alzheimer's/dementia, about 30% of our population developed depression; more specifically, younger patients had the highest risk of all our subpopulations. It is well known that Alzheimer's/dementia is comorbid with depression. This relationship works in both directions. Thus, depression also increases the risk of developing dementia around more than twofold, although the amount of relative risk is debated [7] , [21] . In terms of Alzheimer's/dementia patients, the comorbidity of depression is estimated at 16-87%, measured on different scales [11] , [35] again with the amount of comorbidity debated [19] . Although there have been different mechanisms proposed that could explain comorbidity, such as psychological factors -for instance, a patient noticing that he/she is developing dementia might become depressive -or biological explanations -"vascular depression" -the reason for comorbidity is not well understood [9] . Our finding that most instances of depression are diagnosed in the year after Alzheimer's/dementia is in line with the literature [26] . Finally, we cannot exclude the fact that patients who suffer from Alzheimer's/dementia will be treated by specialized physicians who may be more likely to diagnose depression; but we do not have any specific data on this. This scenario of comorbidity in itself being well known, but that the instances and underlying reasons are not well understood, holds true for the other diseases studied here. About 22% of our epilepsy patients developed depression within five years. This is still a significant number, but is much lower than for the three other diseases studied here. It is well known that epilepsy is comorbid with depression, as well as the fact that several antiepileptics can cause depression (e.g., hydantoins, succinimides, clonazepam, phenytoin) [16] , [29] . Some antiepileptics, on the other hand, can support antidepressant treatment ("mood stabilizers", e.g., carbamazepine, valproate, lamotrigine) [31] . It is not known exactly how epilepsy and depression influence each other. Common pathogenetic mechanisms are discussed [17] , [18] . In our patients with multiple sclerosis, 35% developed depression. Earlier estimates found a risk of up to 50-56%; and that the risk was higher in younger, single, better educated, and unemployed patients [1] , [10] . It is not yet clear whether the depression is pathophysiological or reactive in nature [13] , [34] . 33% of our Parkinson's patients developed depression. This is in line with the 25-72% range found in the literature [8] , [15] , [27] . Several Parkinson's drugs are suspected to cause depression: L-dopa, amantadine, Baclofen, and bromocriptine [29] . However, other authors find that some of them may also augment antidepressants [5] . Again, several mechanisms of comorbidity are discussed
but not yet fully understood [8] .
There are some limitations in our findings which need to be discussed. Firstly, we have studied patients in an outpatient setting only; we did not have access to hospital data for these patients. Secondly, we had to rely on the validity of diagnoses as coded by physicians; thus we did not have any data on depression-specific tests (nor on the tests specific for the other diseases). Finally, we could not control for potential distortions due to the diagnosis process; e.g., it might have been that patients with neurological symptoms were seen by a specialist who put more emphasis on diagnosing depressive disorders.
To the best of our knowledge, this is the first time that for a sample of approximately 40,000 patients, the longitudinal risk of developing depression in patients with neurological diseases has been estimated. In addition, it is the first time that the same estimation method has been used for all these diseases, thereby allowing for comparison of their relative risks in terms of developing depression. Based on our results, we conclude that Alzheimer's/dementia, epilepsy, multiple sclerosis and Parkinson's disease patients should be monitored routinely for depression, with a specific emphasis to the highest-risk groups (females diagnosed with multiple sclerosis, younger patients confronted with dementia).
Notes Contributorship statement
All persons designated as authors qualify for authorship, and all those who qualify are listed. All authors contributed 1) substantially to conception and design of the paper, acquisition of data, and analysis and interpretation of data; 2) to drafting the article and revising it critically for important intellectual content; and 3) to final approval of the version to be published.
Each author participated sufficiently in the work to take public responsibility for appropriate portions of the content.
In terms of planning, K. Kostev and C. Thielscher took the lead; in conduct, C. and S. Thielscher focused on the medical part of the paper as well as the literature review, whereas K. Kostev focused on the data extraction. In the discussion, all authors contributed. C. Thielscher is the sole guarantor and takes responsibility for the overall content.
